Introduction
Since last decade, there are several reports on high performance polymeric semiconductors for the p-channel and n-channel 20 organic field effect transistors (OFETs). [1] [2] [3] [4] Since last few years, a significant progress has been made towards the development of a solution processable high mobility organic semiconducting polymeric materials. [1] [2] [3] [4] Nowadays achieving mobility higher than 0.1 cm 2 /Vs in organic field effect transistors (OFETs) devices 25 become a very common trend in various worldwide labs due to exploration of new building blocks and their effective utilization for designing a new polymeric organic semiconductors. [5] [6] [7] 2 Such a high performance materials are absolutely important for making flexible printed organic electronic devices for various 30 applications ranging from complementary circuits, driver for active matrix display, sensors, and active donor materials for organic photovoltaics. [8] [9] [10] [11] Among reported various polymeric structures, donor-acceptor (D-A) based alternating copolymers becomes one of the most successful design regulation to achieve 35 high performance in both OFETs and organic photovoltaics. [12] [13] [14] [15] [16] [17] [18] D-A copolymers improves the intramolecular interaction due to the orbital overlap of highest occupied molecular orbital (HOMO) of donor and the lowest unoccupied molecular orbital (LUMO) of acceptor which causes widening of UV-vis-NIR 40 absorption and reduction in band gap. Low energy charge transfer transitions and the crystallinity can be enhanced through partial polarity on the D-A moieities. 1, 17, 18 On the basis of ionization potential of donor and the electron affinity of acceptor incorporated in the conjugated backbone, the copolymers can be 45 classified into strong donor-strong acceptor, strong donor-weak acceptor, weak donor-strong acceptor and weak donor-weak acceptor respectively. [19] [20] [21] [22] In addition to that, the planarity of the fused aromatic building blocks in the conjugated backbone, interchain interaction, donor-acceptor partially polarity determines the 50 π-π stacking and interlayer d-spacing of the polymeric chains. Recently, DPP based polymeric materials have attracted significant attention in the organic electronic community due to its low cost, easy synthesis, wide scope of structural variation with respect to selection of heterocyclic moiety at 2, 5-65 positions. π-π Intermolecular interactions, and optical properties of such materials can be easily tuned by using various conjugated blocks adjacent to the DPP. 1, 27 The planarity in such heterocyclic flanked DPP structures can be induced due to the substitution of various heteroatoms such as sulfur, oxygen, selenium and 70 nitrogen on thiophene/furan/selenophene/pyridine and their interaction with oxygen substituted on carbonyl group. Such a intramolecular interaction can significantly enhance the π-π interaction. 1, 28 In the literature, most of the materials are based on the thiophene flanked DPP (DPPT) but there are very few reports 75 on furan flanked DPP (DPPF) materials. [29] [30] [31] [32] [33] [34] [35] Furan is also one of the most important biological degradable green conjugated building blocks and has not explored in detail yet for synthesizing organic semiconductors. carrier transport. In addition to that, the strong electron accepting DPP moiety with furan-DTT-furan electron donating building block assist to improve the intermolecular interactions arising from D-A inter-chain interaction whereas heteroatom contact induces a higher order molecular organization.
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Results and Discussion
The polymer PDPPF-DTT was synthesized in a straightforward manner via Stille coupling polymerization (Scheme1) using 3,6-bis ( respectively. TGA showed 5% weight loss decomposition temperature at 389 °C under nitrogen (See SI). Such a high decomposition temperature clearly indicates an extremely high thermal stability of the polymer. DSC heating and cooling cycles were repeated two times from room temperature till 350 °C.
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PDPPF-DTT exhibits an endothermic peak at 336 °C and an exothermic peak at 347 °C during the second heating-cooling cycles respectively (See SI). These peaks are related to the melting and crystallization temperatures of this polymer (see Supplementary Information). Additional two exothermic peaks 70 observed at 255 °C and 229 °C and they might be arising from the longer branched alkyl side chain transitions. The optical properties of PDPPF-DTT in solution and thin film were characterized by UV-vis-NIR spectroscopy as shown in Figure 1a . For the solution measurement, the polymer solution in 75 chloroform was used whereas for the thin film, the thin layer of polymer was spin coated onto the glass slide. PDPPF-DTT exhibits wide UV-vis-NIR absorption starting from 350 nm to 900 nm. A strong absorption between 500 to 900 nm has been observed for PDPPF-DTT polymer which is in the same range compared to the other DPP based polymers. The absorption maximum (λ max ) has been recorded at ~782 nm in solution. For thin film, the λ max is almost identical as that of solution λ max and only the difference is the broadness of peak in solid compared to 5 solution. The solution and thin film optical absorption similarity might be attributed to the aggregation of PDPPF-DTT polymer in solution at room temperature even the polymer seemed to be completely dissolved. The absorption cut off for the solid UVvis-NIR measurement is around 880 nm in solution whereas in 10 the solid state, the cut off value measured around 905 nm. The optical band gap (E g opt ) was determined from the absorption cutoff of in the solid state and which has found around 1.37 eV, demonstrating that PDPPF-DTT is a small band gap semiconductor. The HOMO energy level of PDPPF-DTT was 15 calculated by photoelectron spectroscopy in air (PESA) method using a spin coated thin film of polymer on the glass substrate. The surface of PPPD-DTT polymer thin film was slowly bombarded with ultraviolet energy and then slowly polymer thin film started emitting photoelectrons of certain energy level. This 20 energy is known as photoelectron work function. The photoelectron output is plotted with horizontal X-axis as the UV energy applied and the vertical Y-axis as the standardized photoelectron yield ratio, the result is a line with a specific slope of degree (Y/eV). The HOMO value of PDPPF-DTT was calculated from the onset 30 energy level recorded in PESA and which is shown in Figure 1b . The HOMO value for PDPPF-DTT is -5.36 eV and therefore it is expected to use this material as a good donor polymer in OFET devices. The obtained deeper HOMO is appropriate for the higher oxidation stability. 35 Grazing Incidence Wide Angle X-ray Scattering (GIWAXS) investigated the crystallinity and crystalline orientation within thin films of PDPPF-DTT. Figure 2 shows the resulting 2D scattering patterns along with the in-plane (horizontal) and out-of-plane (vertical) scattering directions. Both 40 the as cast and annealed films display a single broad semi crystalline alkyl stacking peak at q=3. Interestingly, the stacking observed for the as-cast film is largely face-on, with a herman's orientation order parameters 44 (which runs from perfectly face-on at -0.5 to perfectly edge-on at 1.0) of -0.01 +/-0.01 for the annealed sample, indicating no preferred orientation, and -0.15 for the as-cast sample, indicating a 5 preference for face-on packing. In order to support GIWAXS data, we also investigated conventional XRD measurement. PDPPF-DTT spin coated on Si/SiO 2 substrate and thin film annealed at 250 °C showed a strong primary peak at 4.63°, which corresponds to a d spacing of 19.1 Å as shown in Figure 3a . The that the polymer chain in thin films may have a mixed edge on, face on and tilted orientations. Such kind of molecular organization was also observed for other furan flanked DPP polymer PDBFBT. 36 Despite of mixed orientations, PDBFBT polymer exhibited high charge carrier mobility of 1.54 cm 2 /Vs in 55 OFET devices. 36 The electrical properties of PDPPF-DTT as an active channel semiconductor in OFET devices were evaluated using a bottom-gate, top-contact geometry. Heavily n-doped silicon wafer with a layer of ~200 nm SiO 2 on the surface was used as the substrate. The SiO 2 functions as the gate insulator and 60 the doped Si as the gate. The active polymer thin film (~40 nm) was spin coated on top of an octadecyltrichlorosilane (OTS) modified SiO 2 surface using a PDPPF-DTT solution in chloroform (7 mg/mL) at 1000 rpm for 60 seconds. The polymer thin films were annealed at 100 °C, 150 °C, 200 °C and 250 °C 65 respectively for 20 min on a hot plate in nitrogen atmosphere. On top of PDPPF-DTT thin film, gold was deposited as source and drain electrode via shadow masking method. The schematic of OFET device is shown in Figure 4a . OFET devices exhibit typical p-channel electrical characteristics (Figure 4b and 4d ).
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The hole mobility was calculated from the saturation regime of transfer curve. Figure 4c and Table 1 ). The transfer and output characteristics of 250 °C annealed PDPPF-DTT based devices are shown in Figure  4b and 4d respectively. It should be noted that ambipolar behavior with weak electron transport could be observed due to its low band gap nature. The on/off ratio for all of the devices was based copolymers using straightforward simple geometry. This value is also one of the highest values among dithienothiophenebased copolymers. A fused aromatic moiety such as DPP and DTT in the backbones makes this particular polymer a very planar system which enhances the orbital overlapping for better 25 charge transport. In addition to that a conjugated alternating D−A polymer offers the feasibility of creating a ground-state partial charge-transfer state and such weakly polarized state would assist for the effective charge transport. This clearly demonstrates that prejudicially designed using easily accessible 30 fused aromatic building block via appropriate manner can achieve such an impressive mobility. In order to study the effect of annealing temperature on the OFET performance, we also conducted morphological investigation of PDPPF-DTT thin film using various preannealing temperature via atomic force 35 microscopy (AFM). The AFM images reveals the dependence of the mobility values on the morphology of the polymer thin films related to the various annealing temperature (see Figure S5 in Supporting Information). From the AFM images of the polymer thin films, it can be observed that the non-annealed polymer thin 40 film exhibits some sort of protrusion which can resembles "stripes" on to a continuous film. Such protrusions can be arises due to the morphological inhomogeneties and they can be disappeared upon annealing. 
